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AMPLITUDE MEASUREMENT 
FOR AN ULTRASONIC HORN 

This application is a Divisional of Serial No. 09/651,920, filed on 31 

August 2000, which is a continuation-in-part of Serial No. 09/292,194. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to ultrasonic horns for ultrasonic bonding of 

materials such as composite multiple-layer webs, and in particular, a method and 

5 system for directly measuring and controlling the amplitude of an ultrasonic horn 

during processing of the material being bonded. 

DESCRIPTION OF PRIOR ART 

Ultrasonic bonders are known in the art. See, for example, U.S. Patent 

4,713,132 to Abel et al. which teaches a method and apparatus for ultrasonic bonding 

10 of a moving web, and U.S. Patent 5,591,298 to Goodman et al which teaches a 

machine for ultrasonic bonding utilizing a stationary ultrasonic horn. Stationary 

ultrasonic horn bonders are limited to operating on webs traveling at low speeds, in 

part, because, at higher web speeds, the web being bonded tends to pile up, or bunch 

up, at the leading edge of the stationary ultrasonic horn. In addition, the amplitude 

15 of a stationary ultrasonic horn during normal production of ultrasonically bonded 

materials is normally controllable only indirectly. Certain problems associated with 

material handling by stationary ultrasonic horn bonding equipment are addressed by 

U.S. Patent 5,817,199 to Brennecke et al. which teaches the use of a rotating 
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ultrasonic horn in combination with an anvil roll to ultrasonically bond web materials 
together. However, no method for directly controlling the amplitude of either a 
stationary or rotating ultrasonic horn during ultrasonic bonding of the web material 
is taught or suggested by the prior art known to me. 

The use of light as a means for measuring the physical attributes of 
various types of objects is well known to those skilled in the art. For example, U.S. 
Patent 4,046,477 to Kaule teaches an interferometric method and apparatus for 
sensing surface deformation of a workpiece subjected to acoustic energy in which the 
surface of the workpiece is illuminated by a laser beam which is reflected therefrom 
and passed through an optical beam splitter to produce a measuring beam portion and 
a reference beam portion. The measuring beam portion after reflection at a mirror is 
transmitted to photoelectric means while the reference beam portion is time delayed 
by means of an optical delay path and then brought to interfere with the measuring 
beam portion at the photoelectric means. 

U.S. Patent 3,918,816 to Foster et al. teaches a method and apparatus 
for dimensional inspection of a tire involving mounting of the tire for rotation and 
impinging on its tread surface a laser beam, analyzing the backscattered radiation to 
determine the position in space of the point of impingement, and selectably scanning 
or positioning the laser to measure various positions on the tire surface. 

U.S. Patent 4,086,808 to Camac et al. teaches a method and apparatus 
for measuring and monitoring vibrational or similar motion in mechanical elements 
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in which retroreflectors on the elements are illuminated with monochromatic light, 
such as a laser, and the reflected beams form an interference pattern. Shifts in the 
interference fringes correspond to motion which changes the relative length of the 
paths of reflected light, and these shifts are counted or analyzed to monitor such 
motion. 

U.S. Patent 4,659,224 to Monchalin teaches the use of a laser beam and 
an interferometer of the confocal Fabry-Perot type for non-contact reception of 
ultrasonic waves wherein the interferometer detects the frequency shift caused by the 
Doppler effect in an incident layer beam as a result of ultrasonic deformations of a 
workpiece. 

U.S. Patent 4,619,529 to Iuchi et al. teaches an interferometric contact- 
free measuring method for sensing, by a laser beam, motional surface deformation of 
a workpiece subject to an ultrasonic vibration in which the laser beam is split into a 
measuring beam incident upon a measuring point on the workpiece and a reference 
beam incident upon a reference point close to the measuring point, and the two beams, 
after reflection, are brought into a common optical detector. 

SUMMARY OF THE INVENTION 

It is one object of this invention to provide a method for measuring the 
amplitude of stationary and rotating ultrasonic horns. 
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It is another object of this invention to provide a method for measuring 
the amplitude of stationary and rotating ultrasonic horns during production of an 
ultrasonically bonded web material. 

It is a further object of this invention to provide a system for directly 
controlling the amplitude of stationary and rotating ultrasonic horns during ultrasonic 
bonding of a web material. 

These and other objects of this invention are addressed by a system for 
directly controlling the amplitude of an ultrasonic horn comprising an ultrasonic horn, 
non-contact measurement means for directly measuring an amplitude of the ultrasonic 
horn, and control means for modulating the amplitude of the ultrasonic horn in 
communication with the non-contact measurement means. In accordance with one 
preferred embodiment of this invention, the non-contact measurement means 
comprises a non-contact amplitude sensor and a data acquisition and analysis system, 
which data acquisition and analysis system is operatively connected to the non-contact 
amplitude sensor and determines the amplitude of the ultrasonic horn. 

A method for directly controlling the amplitude of an ultrasonic horn 
in accordance with this invention comprises the steps of detecting the surface motion 
of an ultrasonic hom with a non-contact amplitude sensor resulting in generation of 
a signal corresponding to said surface motion, transmitting said signal to a data 
acquisition and analysis system in which the signal is processed, resulting in a 
determination of the amplitude of the ultrasonic horn, transmitting said amplitude 
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determination to an ultrasonic horn controller, and adjusting the amplitude of the 
ultrasonic horn to a desired level. In accordance with one preferred embodiment, the 
amplitude sensor is a high intensity light source from which a high intensity light 
beam is transmitted onto a surface of an ultrasonic horn, thereby generating a plurality 
of reflected light beams. A portion of the reflected light beams is passed through a 
lens, forming a light spot which is projected onto a detector. The detector produces 
an output signal proportional to the strength of the light spot and the location of the 
light spot on the detector. The displacement of the light spot on the detector is then 
determined. This displacement corresponds to the amplitude of the ultrasonic horn. 
In accordance with one particularly preferred embodiment, the ultrasonic horn is a 
rotating ultrasonic horn and the light source is disposed perpendicular to the axis of 
the rotation of the rotating ultrasonic horn. 

A system for ultrasonic bonding in accordance with this invention 
comprises an ultrasonic horn in contact with a material to be bonded and non-contact 
means for measuring the amplitude of the ultrasonic horn. In accordance with one 
embodiment of this invention, the non-contact means comprises a light source which 
transmits a high intensity light beam onto a surface of the ultrasonic horn. A lens is 
positioned to receive a portion of the plurality of reflected light beams reflected off 
the surface and to project the portion of the plurality of reflected light beams as a light 
spot onto a detector positioned to detect the light spot. The detector produces an 
output signal proportional to the strength and location of the light spot on the detector. 
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Translation means are provided for converting the displacement of the light spot on 
the detector into an actual horn displacement. In accordance with a preferred 
embodiment, the ultrasonic horn is a rotating ultrasonic horn and the light source is 
disposed perpendicular to the axis of rotation of the rotating ultrasonic horn. 
5 In accordance with one embodiment of this invention, the non-contact 

amplitude sensor is another optical displacement sensor, of the fiber optic 
displacement sensor type, using a high intensity light beam, generally of non-coherent 
light, which relies on a change of the field of the emitter light beam as reflected off 
the moving, or displaced, surface of the horn to change the intensity of light received 

10 at the photodetector. Such fiber optic displacement sensors are commercially 
available, as from Mechanical Technology Inc. of Albany, NY. 

In accordance with one embodiment of this invention, the non-contact 
amplitude sensor is a non-contact displacement measuring device employing an eddy 
current principle. In accordance with another embodiment of this invention, the non- 

15 contact amplitude sensor is a non-contact inductive measuring device. In accordance 
with yet another embodiment, the non-contact amplitude sensor is a non-contact 
capacitive displacement measuring device. 

BRIEF DESCRIPTION OF THE DRAWINGS 
These and other objects and features of this invention will be better 

20 understood from the following detailed description taken in conjunction with the 
drawings wherein: 
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Fig. 1 is a diagram of an ultrasonic amplitude control system in 
accordance with one preferred embodiment of this invention; 

Fig. 2 is a schematic diagram of a system for ultrasonic bonding 
employing the method for measuring the amplitude of a rotating ultrasonic horn in 
accordance with one embodiment of this invention; 

Fig. 3 is a schematic diagram of a system for ultrasonic bonding 
employing the method for measuring the amplitude of a rotating ultrasonic horn in 
accordance with a preferred embodiment of this invention; 

Fig. 4 is a schematic diagram of a top view of a system for ultrasonic 
bonding employing the method for measuring the amplitude of a rotating ultrasonic 
horn in accordance with a particularly preferred embodiment of this invention. 

Fig. 5 shows the displacement of a stationary and free ultrasonic horn 
surface measured in accordance with the method of this invention; 

Fig. 6 shows the displacement of a rotating and free horn surface 
measured in accordance with the method of this invention; 

Fig. 7 shows the displacement of horn surface when bonding a 
spunbond material measured in accordance with the method of this invention; 

Fig. 8 is a diagram showing the amplitude of the ultrasonic horn surface 
for a stationary horn, an ultrasonic horn rotating freely, and a rotating ultrasonic horn 
bonding material; 
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Fig. 9 is a diagram of a non-contact displacement measuring device 
employing the eddy current principle; 

Fig. 10 is a diagram showing a non-contact inductive displacement 
measuring device; and 

Fig. 1 1 is a diagram showing a non-contact capacitive displacement 
measuring device. 

Fig. 12 is a diagram showing the operating principle of the fiber optic 
displacement sensor used in one embodiment of the preseiit invention. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

Until the method of this invention, measuring the amplitude of an 
ultrasonic horn used in the ultrasonic bonding of web materials required the horn to 
be stationary because the sensors used to measure rotating ultrasonic horn amplitude 
needed to be closer to the surface of the horn than the run-out of the horn. Run-out 
is described as the change in position of the rotational axis of the horn. Thus, in order 
to avoid contact between the sensors and the rotating ultrasonic horn due to the run- 
out of the horn, the sensors were required to be placed at a sufficient distance from 
the horn, which distance was out of the workable range of the sensors. In addition, 
closeness of the sensors to the horn is also a safety consideration because the sensors 
could be destroyed in the event of a material processing problem which results in the 
material being bonded becoming wrapped around the horn. As a result, only indirect 
control of the ultrasonic horn amplitude during normal operation was possible. Using 
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the method of this invention, direct measurements of ultrasonic horn amplitude are 
possible during the bonding process, thereby enabling real-time, direct control of the 
ultrasonic horn amplitude. Because ultrasonic horn amplitude is one of the critical 
process settings for determining bond strength, the method of this invention enables 
a reduction in bond strength variability normally occurring during the bonding 
process. 

A system for directly controlling the amplitude of an ultrasonic hom in 
accordance with this invention comprises an ultrasonic horn, non-contact 
measurement means for directly measuring an amplitude of the ultrasonic horn, and 
control means for modulating the amplitude of the ultrasonic horn in communication 
with the non-contact measurement means. In accordance with one preferred 
embodiment of this invention, the non-contact measurement means comprises a non- 
contact amplitude sensor and a data acquisition and analysis system, which data 
acquisition and analysis system is operatively connected to the non-contact amplitude 
sensor and determines the amplitude of the ultrasonic horn. 

Fig. 1 is a diagram showing details of an ultrasonic amplitude control 
system in accordance with one preferred embodiment of this invention. In accordance 
with the embodiment shown in Fig. 1, the non-contact amplitude sensor is a laser 
system 12 employing optical triangulation as discussed hereinbelow. Other suitable 
non-contact amplitude sensors are discussed hereinbelow. The data acquisition and 
analysis of the signals generated by the non-contact amplitude sensor in the form of 
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position sensitive detectors are performed by the components shown within the box 
designated by reference numeral 15 while amplitude control is performed by the 
components shown within the box designated by reference numeral 16. As shown, 
the amplitude control system 16 comprises an amplitude display, for example a CRT, 
which enables an operator to view the amplitude of an ultrasonic horn in real time and 
make adjustments accordingly. The functions of boxes 15 and 16 may be analog, 
digital, or a combination thereof. 

Fig. 2 is a diagram of a system for ultrasonic bonding of two web 
materials 11, 18 in accordance with one embodiment of this invention. The system 
comprises rotating ultrasonic horn 1 0 in contact with the material 11, 18 to be bonded 
and a non-contact means for measuring the amplitude of rotating ultrasonic horn 10. 

Said non-contact means comprises a light source 12 disposed 
perpendicular to the axis of rotation 19 of rotating ultrasonic horn 10. Light source 
12 transmits a high intensity light beam 20 onto a material contacting surface of 
rotating ultrasonic horn 10. Lens 1 3 is positioned to receive a portion of a plurality 
of reflected light beams 2 1, 22 reflected off the material contacting surface of rotating 
ultrasonic horn 10 and to project said portion of said plurality of reflected light beams 
as a light spot 23 onto a detector 14 positioned to detect light spot 23. Detector 14 
produces signal 24 proportional to the strength and location of light spot 23 on the 
detector. Integrated circuitry conditions signal 24 and transmits output signal 27 to 
a data acquisition and analysis system 15 comprising translation means for 
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determining the displacement of light spot 23 on detector 14. Upon receipt of the 
output signal 27 from integrated signal conditioner 28, data acquisition and analysis 
system 15 determines the displacement of the light spot 23 and converts the 
displacement to the actual amplitude of rotating ultrasonic horn 1 0. Given the ability 
to determine the amplitude of rotating ultrasonic horn 10 during processing of 
material webs 11, 18, the amplitude of rotating ultrasonic horn 10 can be directly 
regulated by amplitude controller 16 operably connected to rotating ultrasonic horn 
10. 

In accordance with another embodiment of this invention, the system 
for ultrasonic bonding of two web materials is substantially as shown in Fig. 2 except 
that rotating ultrasonic horn 10 is replaced by a stationary ultrasonic horn. 

In accordance with a preferred embodiment of this invention, as shown 
in Fig. 3, the system of this invention comprises two image systems. The second 
image system, like the image system described hereinabove, comprises lens 33 and 
detector 34. Lens 33 is positioned to receive reflected light beams 31, 32 and to 
project light spot 43 onto detector 34. 

The basic principle of operation of the method and system in accordance 
with one embodiment of this invention is optical triangulation, that is, a system in 
which a high intensity light beam from a light source such as a laser is used to 
illuminate an object, the diffusely reflecting surface of which scatters reflections in 
all directions. A portion of that light enters a lens and is projected as a light spot onto 
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a position sensing detector. As shown in Fig. 3, as rotating ultrasonic horn 10 is 
displaced during operation, the angle at which light is reflected off the surface of 
rotating ultrasonic horn 10, designated as dotted lines 25, 26, 35, 36 shifts, thereby 
shifting the position on detector 14, 34 to point 23a, 43a at which the light spots 
generated by lenses 13, 33 strike detectors 14, 34. The displacement of the light spot 
between point 23 and point 23a on detector 14 and point 43 and point 43a on detector 
34 correlates to the amplitude of rotating ultrasonic horn 10. Detectors 14, 34 are 
position sensing detectors, the outputs of which are proportional to the amount of light 
falling on their surfaces as well as the position of the light spots. In accordance with 
one preferred embodiment of this invention, light source 12 is a laser. 

The use of two image systems in accordance with one embodiment of 
this invention effectively increases the total amount of light captured to the imaging 
options, thereby providing better contour tracking with sharp increases in object 
height. Due to the compensating effect of position sensing detectors 14, 34 on one 
another, the lateral sensitivity of the measurements is considerably improved. 

In accordance with a particularly preferred embodiment of this 
invention, detectors 14 and 34 are in the same plane whereby a line 29 drawn between 
corresponding points of the detectors is parallel to the axis of rotation of rotating 
ultrasonic horn 10 (see Fig. 4). In accordance with a preferred embodiment of this 
invention, detectors 14 and 34 comprise substantially planar detection surfaces 14a 
and 34a, respectively. 
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EXAMPLE 

A laser displacement sensor system in accordance with Fig. 3 was used 
to measure the amplitude of a rotating ultrasonic horn 10. The system employed a 
Dyna Vision® LTS 15/6 laser sensor, available from Dynamic Control Systems, Inc., 
Delta, BC Canada, to measure the displacement of the surface of rotating horn 10. 
The sensor was capable of sampling rates up to 500 KHz and had a resolution of 
0.01 6 mils. The standoff of the sensor was 1 5 millimeters. The system was calibrated 
by measuring the laser output when the laser was positioned 13, 14, 15, 16 and 17 
millimeters from the horn. The wavelength of operation of the laser was 780 
nanometers (nm). 

To determine the ultrasonic amplitude of the horn when it was rotating, 
the displacement of the horn surface due to run-out had to be filtered from the signal 
As shown in Fig. 5, the ultrasonic displacement of the surface of the rotating 
ultrasonic horn approximates a sine wave at 20,000 Hz. When the horn rotates, the 
lower frequency horn run-out is added to the ultrasonic surface displacement as 
shown in Fig. 6. After the horn engages anvil 17 as shown in Fig. 3 and begins 
bonding of the web material 11, 18, noise is also added to the signal as shown in Fig. 
7. A Fast Fourier Transformation was employed to determine the amplitude 
component of the laser output which was at 20,000 Hz. A similar analysis at the 
rotational frequency of the horn was also used to determine horn run-out. An HP 
dynamic signal analyzer (Model HP35670A) available from Hewlett-Packard 
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Company, Englewood, Colorado, was used to perform the Fast Fourier 
Transformation. 

The laser measurement system of this invention was demonstrated on 
an ultrasonic pilot line. The amplitude of the rotating ultrasonic horn was measured 
while bonding a nonwoven web at approximately 200 feet per minute. The amplitude 
of the laser signal at 20 KHz was measured every 2 seconds while the horn was 
rotating freely, bonding material, and stationary. Fig. 8 shows the results obtained. 
Amplitude decreased approximately 0.3 mils when the rotating ultrasonic horn was 
bonding the nonwoven web material. The short-term oscillations in amplitude were 
caused by small changes in the ultrasonic frequency of the horn. As the frequency 
changed, the amplitude of the Fast Fourier Transformation output changed because 
the analysis was completed at a specific frequency. Measuring total amplitude over 
a frequency range eliminated this oscillation. 

As previously stated, and as shown by the data set forth in Fig. 6, the 
system of this invention has the capability of measuring not only the amplitude of the 
horn, but also the lower frequency horn run-out in order to facilitate set up and 
maintenance of the bonding apparatus. In order to adjust the accuracy of the average 
amplitude or run-out measured, the data analysis and acquisition system 15 comprises 
an adjustable filter time constant. By increasing the filter time constant, that is the 
time period over which amplitude and/or horn run-out are measured, the number of 
data points increases, providing for a more accurate average. 
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Figs. 9, 10 and 11 show alternative non-contact amplitude sensors 
suitable for use in this invention, available from Micro Epsilon Co., Raleigh, North 
Carolina. 

Fig. 9 is a diagram of a non-contact amplitude sensor in accordance with 
one embodiment of this invention comprising a non-contact displacement measuring 
device 40 employing the eddy principle. In the operation of this device, high 
frequency alternating current flows through a coil 41 sealed in a housing 42. The 
electromagnetic field 45 of the coil 41 induces eddy currents in the conductive target 
44, that is the ultrasonic horn, which draws energy from a resonant circuit. The 
sensor amplitude changes dependent upon the distance, d, between the sensor and the 
ultrasonic horn. After demodulation, linearization and amplification, this change in 
amplitude supplies a voltage which is proportional to distance. As a result, an 
optimum linear relationship between the output signal and the geometrical 
displacement is achieved. 

Fig. 10 is a diagram of a non-contact amplitude sensor in accordance 
with another embodiment of this invention comprising a non-contact inductive 
displacement measuring device 50. In this device, a coil 51 is part of a resonant 
circuit. The inductance 52 of the coil 5 1 is altered as it approaches a conductive target 
53, that is the ultrasonic horn. The demodulated signal is proportional to the distance, 
d, between the sensor and the ultrasonic horn. 
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Fig. 11 is a diagram of a non-contact amplitude sensor in accordance 
with yet another embodiment of this invention comprising a non-contact capacitive 
displacement measuring device 60. In operation, an ideal plate capacitor changes its 
capacitance based upon the distance between the plates. With the capacitive 
measuring technique, the sensor 61 is one plate and the target 62, the ultrasonic horn, 
forms the other plate. In the measuring device, an alternating current with constant 
frequency flows through the sensor. The voltage amplitude at the sensor is 
proportional to the distance, d, between the sensor electrode and the ultrasonic horn 
and is demodulated and amplified in the data acquisition and analysis system. 

Referencing Fig. 12, a fiber optic displacement sensor 201 utilizes a 
light emitter 203, shown as a light emitting diode, or LED, and a light-detector 205 
shown as a photo detecting diode, or photodiode. While shown in the Figure as a 
single pair, it will of course be realized that various sets or groupings of emitters and 
detectors may be utilized as a part of the fiber optic displacement sensor. Both the 
emitter and detector are coupled to the environment through optical fibers, 
respectively 207, 209. Lensing, apart from the optical fibers, may be used in such a 
system if desired. The fiber optic sensors can utilize non-coherent light of sufficiently 
high intensity to perform with the present system thus obviating special safety 
requirements . The fiber optic sensors, with noncoherent, or non-laser, light may also 
be more economical to operate than a laser-based system. As the distance between 
the emitter 203 and the target 212 changes, e.g. through horn vibration, the intensity 

KCC-2072-DIV 17 15/1 



of light reaching the detector will vary, resulting in a varying output signal from the 
detector. In operation, at a very short, or no, gap 21 1 between the emitter 203 and the 
target 212, most of the light exiting the emitter fiber 207 is reflected directly back 
onto the same emitter fiber resulting in little or no light reaching the detector fiber 209 
and hence little or no signal output from the detector. As distance increases from the 
emitter to the target more light 213 will be reflected to, and captured by, the detector 
205. At some point, the entire face of the detector fiber 209 will be illuminated with 
the majority of a reflected spot of maximum intensity light, producing maximum 
intensity of light on the detector and thus maximum output signal strength. Further 
increases in distance will then cause the diverging field of the reflected light 215 to 
exceed the field of view 217 of the receiving fiber, thus causing a decreased output 
signal from the detector. The output signal of the fiber optic detector is then fed to 
appropriate signal conditioners and control apparatus per the above discussion. 

While in the foregoing specification this invention has been described 
in relation to certain preferred embodiments thereof, and many details have been set 
forth for purpose of illustration, it will be apparent to those skilled in the art that the 
invention is susceptible to additional embodiments and that certain of the details 
described herein can be varied considerably without departing from the basic 
principles of the invention. 
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